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I, INTRODUCTION 
The gene ra l  requirement under t h i s  c o n t r a c t  i s  t h e  development 
of thermal-control su r f ace  coa t ings  t h a t  possess  very low b u t  
s t a b l e  r a t i o s  of  s o l a r  absorptance ( us) t o  i n f r a r e d  emit tance 
h ) "  H i s t o r i c a l l y  t h i s  program has  been divided i n t o  t h r e e  
major phases: (1) inorganic  technology, ( 2 )  s i l i c o n e  pho to lys i s  
and s i l i c o n e  p a i n t  i n v e s t i g a t i o n s ,  and (3)  gene ra l  coa t ings  
i n v e s t i g a t i o n s  
The r e l a t i v e  emphasis on each major t a s k  has  var ied  during 
t h e  course of t h e  program according t o  t h e  urgency of  t h e  va r ious  
problems e luc ida ted  by ou r  i n v e s t i g a t i o n s  a s  w e l l  a s  t h e  a v a i l a b i l i t y  
of  bo th  funds and personnel ,  
U n t i l  1965, z i n c  oxide (ZnO)  was bel ieved t o  be t h e  most 
s t a b l e  white  pigment a v a i l a b l e  i n  t e r m s  of  t h e  s t a b i l i t y  of  i t s  
hemispherical  s p e c t r a l  r e f l e c t a n c e  t o  u l t r a v i o l e t  i r r a d i a t i o n  
i n  vacuum ( r e f  1-3) However, s e r i o u s  d i sc repanc ie s  i n  ZnO'  s 
behavior w e r e  repor ted  be tween laboratory-s imulat ion d a t a  and 
f l ight-experiment  da t a  obtained from 0%-11 ( r e f ,  4) and t h e  
Pegasus ( r e f , .  5) m a t e r i a l s '  experiments, 
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These da ta  ind ica t ed  t h a t  ZnO-based s i l i c o n e  coa t ings  
w e r e  considerably less s t a b l e  than  p red ic t ed  by t h e  ex tens ive  
space-simulation t e s t i n g  t o  which they  had been subjected.  The 
discrepancy has  s i n c e  been a t t r i b u t e d  t o  t h e  formation of an 
e a s i l y  bleached (oxygen) i n f r a r e d  absorp t ion  band t h a t  cannot 
be observed by c l a s s i c a l  postexposure r e f l e c t a n c e  measurements 
i n  a i r .  This  band was f irst  observed i n  t h e  l abora to ry  by MacMillan 
e t  a l  ( r e f ,  6)  while  making i n  s i t u  measurements of  t h e  b i d i r e c t i o n a l  
r e f l e c t a n c e  of  ZnO i r r a d i a t e d  i n  vacuum, Confirmation of t h e  
bleachable  i n f r a r e d  degradat ion of ZnO f i rs t  noted by MacMillan 
e t  a 1  was reported by M i l l e r  (ref, 7 )  and subsequently by Ze r l au t  
e t  a l  (ref, 8 , 9 ) ,  
The observa t ions  t h a t  ZnO e x h i b i t s  b leachable  degradat ion 
i n  the i n f r a r e d  r e s u l t e d  i n :  (1) %he design and cons t ruc t ion  of 
a multiple-sample i s r a d i a t i o n  f a c i l i t y  ( t h e  I R I F )  employing i n  
s i t u  postexposure r e f l e c t a n c e  measurements ( ref ,  l o )  ( 2 )  t h e  
i n i t i a t i o n  of inorganic  research  aimed a t  securing a s a t i s f a c t o r i l y  
s t a b l e  white  pigment, and (3) t h e  design and cons t ruc t ion  of  an 
evacuated dua 1-beam d i f f e r e n t i a  1 u l t r a v i o  le% spectrometer 
The design of t h e  I R I F  was i n i t i a t e d  e a r l y  i n  1966, and 
t h e  f a c i l i t y  i s  now i n  r o u t i n e  use, A second f a c i l i t y  has  been 
cons t ruc ted  and i s  expected t o  be i n  ope ra t ion  by November 1, 1967, 
The I R I F  u t i l i z e s  an evacuated Edwards-type (ref,  11) i n t e g r a t i n g  
sphere f o r  ob ta in ing  abso lu te  hemispherical  s p e c t r a l  r e f l e c t a n c e  
measurements, This  f a c i l i t y  was used i n  t h e  s t u d i e s  repor ted  
here in ;  it is  thoroughly discussed i n  t h e  previous communications 
and i n  R e f ,  10 and w i l l  n o t  be descr ibed i n  t h i s  communication, 
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The pigment s t u d i e s  t h a t  w e r e  i n i t i a t e d  a s  a r e s u l t  of 
ZnOD s behavior involved (1) i n v e s t i g a t i o n s  r e l a t ing  t o  t h e  
s t a b i l i z a t i o n  of  ZnO a g a i n s t  t h e  photodesorpt ion-related i n f r a r e d  
degradat ion observed by t h e  e a r l y  i n  s i t u  postexposure measurements 
and ( 2 )  t h e  search  f o r  a s t a b l e  white  pigment t h a t  does not  e x h i b i t  
s i g n i f i c a n t  photodesorpt ion-related damage, 
The ZnO s t a b i l i z a t i o n  s t u d i e s  involved t h e  t rea tment  of 
t h e  pigment su r face  wi th  potassium s i l i c a t e ,  (These s t u d i e s  
have been supported by t h e  Je t  Propuls ion Laboratory under c o n t r a c t  
951737.) While most of t h e  s t u d i e s  on t h e  development of  s i l i c a t e -  
t r e a t e d  ZnO p a i n t s  (S-l3G) w e r e  performed f o r  the Jet Propuls ion 
Laboratory,  s t u d i e s  of t h e  effect of powder reduct ion  ( i o e o ,  
deagglomeration) on the s t a b i l i t y  of  t h e  s i l i c a t e - t r e a t e d  ZnO 
w e r e  supported by Contract  NAS8-5379 and a r e  repor ted  herein., 
The search  f o r  a new white  pigment has  been l imi t ed  e s s e n t i a l l y  
t o  t h e  z inc  t i t a n a t e s ,  
The work performed during t h i s  r e p o r t  per iod  cons i s t ed  of 
(1) continued s t u d i e s  of t h e  s y n t h e s i s ,  s t a b i l i t y  t o  u l t r a v i o l e t  
i r r a d i a t i o n ,  and s o l i d - s t a t e  behavior of  z inc  t i t a n a t e s ,  ( 2 )  s t u d i e s  
of t h e  e f f e c t  of pregr inding  t h e  s i l i c a t e - t r e a t e d  ZnO p r i o r  t o  
manufacture i n t o  t h e  S-13G p a i n t ,  and (3) design,  cons t ruc t ion ,  
and i n i t i a l  checkout tes ts  o n  an evacuated, dual-beam vacuum- 
irradiation-chamber attachment f o r  performing d i f f e r e n t i a l  
u l t r a v i o l e t  spec t roscopic  measurements i n  i n  s i t u .  
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11, THE ZINC TITANATES 
The only commercial z inc  t i t a n a t e  t h a t  has  both high 
r e f l e c t a n c e  and good s t a b i l i t y  t o  u l t r a v i o l e t  i r r a d i a t i o n  i n  
vacuum was found t o  be N e w  Je r sey  Z i n c  Company's A-54-2, which 
i s  chemically designated Zn2Ti04  t h e  o r t h o t i t a n a t e ,  The r e s u l t s  
of 2000 equiva len t  sun-hours (ESH) of space-simulation tests on 
s e v e r a l  methyl s i l i c o n e  p a i n t s  pigmented with A-54-2 w e r e  
encouraging, and f u r t h e r  research  was ind ica ted  ( r e f  , 1 2 )  
An attempt t o  o b t a i n  Larger working samples of A-54-2 was 
unsuccessful ,  and it became necessary t o  prepare  z inc  t i t a n a t e  
i n  our  own l abora to r i e s ,  
A search of t h e  l i t e r a t u r e  on z inc  t i t a n a t e  revealed a t  
t h e  onse t  some very i n t e r e s t i n g  c o n f l i c t s  between var ious  
r e sea rche r s ,  Carefu l  work has b e e n  performed by some l a b o r a t o r i e s ,  
b u t  a t  %he t i m e  w e  commenced work i n  our  own l abora to ry ,  complete 
agreement e x i s t e d  among a l l  sources on only one z inc  t i t a n a t e ,  
t h e  o r t h o t i t a n a t e  ( Z n 2 T i 0 4 ) "  
i s  formed from 2 moles of ZnO and 1 mole of t i t an ium dioxide ( T i 0 2 ) ,  
The reader  i s  r e f e r r e d  t o  t h e  d iscuss ion  of t h e  p e r t i n e n t  l i t e r a t u r e  
i n  Report No, IITRI-U6002-47 ( r e f ,  1 2 )  
The o r t h o t i t a n a t e  i s  a sp ine l  t h a t  
A p e r t i n e n t  pub l i ca t ion  i n  1961 by Bartram and Slepetys  
(ref,  13) t o  some e x t e n t  c l ea red  up t h e  d iscrepancies  i n  the 
l i t e r a t u r e ,  They l i s t e d  t h e  o r t h o t i t a n a t e  a s  most e a s i l y  prepared 
from su l fa te -process  ana tase ;  they s t a t e d  t h a t  a r eac t ion  t i m e  
of  3 h r  a t  from 800 t o  1000°C i s  requi red ,  The me ta t i t ana te ,  
ZnTi03,  they  found, r equ i r ed  chlor ide-process  r u t i l e  T i 0  and 2 
I l T  R E S E A R C H  I N S T I T U T E  
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an optimum temperature of 85OoC, The s o l i d  so lu t ion  phenomenon 
claimed by e a r l i e r  w r i t e r s  appeared t o  be explained by t h e  c la im 
of Bartram and Slepe tys  t o  a t h i r d  z inc  t i t a n a t e  (Zn2Ti308) ,  t h e  
s e s q u i t i t a n a t e .  This  i s  a de fec t  s p i n e l  s t r u c t u r e  made from 
ana ta se  and ZnO i n  a r a t i o  of 2 moles ZnO t o  3 moles of T i 0 2  
reac ted  a t  a temperature of 7 O O O C  f o r  a t  l e a s t  100 hours,  
I n  1962,  Loshkarev i n  t h r e e  Soviet  papers  (ref, 14-16) 
found only  o r t h o t i t a n a t e  a s  a compound by using only  r u t i l e  and 
ZnO and temperatures  up t o  14OO0C, The r eac t ion  be tween  r u t i l e  
and ZnO d i d  not  begin below 740°C, 
The existence of  unreacted ZnO i n  the f i n a l  product ,  
r ega rd le s s  of composition, temperature ,  o r  t i m e ,  was found by 
Loshkarev and l a t e r  confirmed a t  I I T R I  (ref. 1 2 )  Loshkarev 
repor ted  "very i n t e n s e  shrinkage" (from 15 t o  18%) i n  forming 
t h e  o r t h o t i t a n a t e  a t  temperatures  above 1000°Co H e  t h e r e f o r e  
recommended slow hea t ing  when reaching t h i s  temperature,  ( W e  
followed h i s  advice i n  ou r  s tud ie s ;  t h e  shr inkage was q u i t e  
apparent . )  The Russian papers  do not  concede t h e  existence of 
the me ta t i t ana te ,  Z n O o T i O  nor t h e  s e s q u i t i t a n a t e  l i s t e d  by 
Bartram and Slepetys ,  
29 
The most recent pub l i ca t ion  on t h e  sub jec t  i s  a Japanese 
paper by Kubo e t  a 1  (ref,  17)  i n  which they  acknowledge the 
existence of t h e  t h r e e  t i t a n a t e s  and r epor t  success  i n  making 
t h e  me ta t i t ana te  of except iona l  p u r i t y ,  
I n  summary, a l l  workers agree  on t h e  composition, c r y s t a l  
s t r u c t u r e ,  and c h a r a c t e r i s t i c s  of  t h e  o r t h o t i t a n a t e ;  a few ag ree  
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upon t h e  ex i s t ence  and s t r u c t u r e  o f  t h e  meta t i tana te ;  
on ly  claims t h e  ex i s t ence  and s t r u c t u r e  of the d e f e c t  
and one 
s p i n e l ,  
Zn2Ti308, which w e  w i l l  refer t o  a s  t h e  s e s q u i t i t a n a t e .  
it w a s  considered necessary t o  f i rs t  syn thes i s  the o r t h o t i t a n t e ,  
t h e  ensuing d iscuss ion  t reats  the syn thes i s  of t h e  meta- and 
s e s q u i t i t a n a t e s  f irst  i n  o r d e r  t o  provide a comprehensive review 
of t h e  r e a c t i o n  between ZnO and T i O 2 -  
Although 
A, Experimental Procedures 
The gene ra l  s y n t h e t i c  procedure,  r ega rd le s s  of the specific 
t i t a n a t e  t o  be prepared,  involved the following gene ra l  recipe: 
A d i s t i l l ed -wa te r  s l u r r y  of t h e  appropr i a t e  T i 0 2  was ad jus ted  
t o  a pH of 8.5 w i t h  NH40H and, a long wi th  a d i s t i l l ed -wa te r  
s l u r r y  of  ZnO, was a g i t a t e d  fo r  5 min. The  t w o  s l u r r i e s  w e r e  
combined and a g i t a t e d  toge the r  for  15 min, The combined s l u r r y  
was then vacuum-filtered by using a B k h n e r  funnel. The f i l t e r  
cake was spread on an aluminum sheet and d r i e d  a t  100°C for  3 h r  
i n  a forced-air  oven., The m a t e r i a l  was next  dry-ground w i t h  
a g l a s s  mul le r ,  packed i n t o  a po rce l a in  c r u c i b l e ,  and f i r e d  a t  
t h e  appropr ia te  temperature f o r  t h e  necessary l eng th  of t i m e . ,  
The spec t r a  of  a l l  three precursor  ox ides  employed are 
presented i n  Figure 1, They a re :  SP500 ZnO (New Jersey Z inc ) ,  
RF-1 r u t i l e  T i 0 2  ( C a b o t ) ,  and TiPure FF ana ta se  T i 0 2  (du Pont) a 
These s p e c t r a ,  as  w e l l  a s  those presented i n  Figures  2 and 3 ,  
w e r e  obtained on o u r  Edwards-type integrat ing-sphere attachment 
f o r  t h e  Beckman DK-2A spectroreflectometer. These specimens 
(and a l l  o t h e r  z inc  t i t a n a t e  specimens whose p r o p e r t i e s  a r e  
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discussed i n  t h i s  r epor t )  w e r e  prepared by t h e  "wet-spray" 
technique discussed e a r l i e r .  The spec t r a  i n  Figure 1 a r e  
presented t o  provide t h e  necessary background a g a i n s t  which t h e  
spec t ra  of t h e  s y n t h e t i c  z inc  t i t a n a t e s  may be evaluated. 
The syn thes i s  schedule f o r  t h e  t h r e e  z inc  t i t a n a t e s  t h a t  
w e r e  prepared i s  presented i n  Table 1, The v i s i b l e  and u l t r a v i o l e t  
r e f l e c t a n c e  spec t r a  of t h e  z i n c  t i t a n a t e s  a r e  presented i n  Figures  2 
and 3, The me ta t i t ana te  was t h e  ye l lowis t  of t h e  t h r e e  s to i ch io -  
metries prepared and posessed an absorp t ion  edge (Figure 2 )  s i m i l a r  
b u t  considerably more g e n t l e  i n  s lope  than t h e  r u t i l e  from which 
it was prepared. L i k e  t h e  o r t h o t i t a n a t e s  discussed l a t e r ,  t h e  
me ta t i t ana te  possessed unreacted ZnO, which could be ex t r ac t ed  
e a s i l y  with a c e t i c  ac id  ( r e f ,  1 2 )  Although t h e  me ta t i t ana te  
possessed only 0,8% excess ZnO,  it had profound inf luence  on t h e  
absorpt ion spec t r a ,  a s  shown by t h e  broken l i n e  i n  Figure 2. 
Table 1 
SYNTHESIS SCHEDULE O F  ZINC TITANATES O F  DIFFERENT STOICHIOMETRY 
Mole Ratio 
T i m e ,  Temp-, Spectra of Reactants 
h r  O C  S t r u c t u r e  (F iq ,  No. ) a-Ti02 r - T i 0 2  ZnO 
1 - 1 17 850 Meta 2 
1 1 - 64 700 Sesqui 2 
2 1 - 3 800 Ortho 3 (A) 
2 1 - 16 800 Ortho 3 (C) 
2 1 - 18 1050 Ortho 3 (D) 
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The s e s q u i t i t a n a t e  was whiter  than t h e  unextracted me ta t i t ana te  
but  d i d  no t ,  u n l i k e  e i t h e r  t h e  meta- o r  t h e  many o r t h o t i t a n a t e s  
t h a t  have been examined, e x h i b i t  a r e f l e c t a n c e  increase  on 
e x t r a c t i o n  of ZnO (Figure 2)  ; t h e  s e s q u i t a t a n a t e  possessed N 1% 
excess ZnO. Its absorpt ion edge was not only a t  a s h o r t e r  
wavelength than e i t h e r  precursor  ox ide ,  b u t  it was more g e n t l e  
i n  s lope than e i t h e r  ana tase  o r  ZnO. This s t r u c t u r e ,  which w e  
have termed t h e  s e s q u i t i t a n a t e ,  i s  of a d e f i n i t e  stoichiometry 
s ince  i t s  absorpt ion edge always f a l l s  a t  approximately 3665 A ,  
in te rmedia te  between those of t h e  meta- and t h e  o r t h o t i t a n a t e s ,  
(The absorpt ion edge of t h e  me ta t i t ana te  i s  about 4000 A ,  whereas 
t h a t  of t h e  o r t h o t i t a n a t e  i s  3310 A.) 
For reasons t h a t  w i l l  become apparent ,  t h e  o r t h o t i t a n a t e  
e x h i b i t s  t h e  most promise a s  a thermal-control pigment, and w e  
have t h e r e f o r e  addressed our  p r i n c i p a l  e f f o r t s  t o  it. The 
product from t h e  2 : l  mole r a t i o  of ZnO:a-Ti02 is  a very w h i t e  
pigment, b r i g h t e r  t o  t h e  eye and more r e f l e c t i v e  than any of 
t h e  commercial z inc  t i t a n a t e s  examined, The products  of t h i s  
r e a c t i o n  a l s o  appear t o  be whiter  than e i t h e r  of t h e  pigments 
from which they a r e  prepared. 
The r e f l e c t a n c e  spec t ra  of t h e  o r t h o t i t a n a t e s  (Figure 3)  
show unmistakably t h e  formation of a compound with a r e f l e c t a n c e  
i n  t h e  near u l t r a v i o l e t  and shor t  end of t h e  v i s i b l e  spectrum 
t o t a l l y  u n l i k e  any o t h e r  white pigment prev ious ly  t e s t e d ,  except 
f o r  e a r l y  batches of New Je r sey  Z i n c ' s  A-54-2, which a l s o  showed 
the  I'step" i n  t h e  r e f l e c t a n c e  spec t r a  a t  about 3500 A. 
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The ' 's tep" i n  t h e  r e f l e c t a n c e  spec t r a  a t  3500 A of  a l l  
fou r  h e a t s  i s  i n t e r p r e t e d  a s  be ing  due t o  unreacted ZnO, s i n c e ,  
i n  a l l  c a s e s ,  e x t r a c t i o n  wi th  a c e t i c  ac id  r e s u l t e d  i n  a powder 
t h a t  exhib i ted  the spec t r a  presented i n  curve E of Figure 3.  
(These spec t r a  r e q u i r e  about 2% normalizat ion t o  95% r e f l e c t a n c e  
a t  6000 A f o r  comparison,) 
Batch A (Figure 3) possessed t h e  l o w e s t  IIstep" (20% reflectance) 
and t h e  h ighes t  unreacted ZnO (6%) Recalcinat ion o f  batch  A a t  
900°C f o r  2 h r  increased t h e  step r e f l e c t a n c e  t o  about 38% 
(5% excess ZnO) .  Ca lc ina t ion  of  ba tch  C f o r  16 h r  a t  8 O O O C  
r e s u l t e d  i n  a s i g n i f i c a n t  i nc rease  i n  t h e  r e f l e c t a n c e  a t  3500 A; 
t h e  inc rease  i n  r e f l e c t a n c e  of 55% corresponded t o  3% excess ZnO. 
Batch D (Figure 31, ca lc ined  f o r  18 h r  a t  1O5O0C, exh ib i t ed  
very s l i g h t ,  e x t r a c t a b l e  yellowing and extreme hardness. The 
f a c t  t h a t  r e s i d u a l  ZnO s t i l l  e x i s t e d  ( 2 % ) )  even a f t e r  a d d i t i o n a l  
hea t ing ,  confirms t h e  w o r k  of Loshkarev ( r e f .  14-16). However, 
t h e  Russian papers  l i s t  t h e  hardness a s  5 mho; ou r  own impression 
i s  t h a t  t h e  high-temperature product  possesses  a hardness o f  
6 mho. 
I n  summary, t h e  m e t a t i t a n a t e ,  ZnTi03, must be prepared from 
r u t i l e  T i 0 2 ,  p r e f e r a b l y  of t h e  c h l o r i d e  type,  
temperature should be between 800 and 95OOC; t h e  r e a c t i o n  i s  
p re fe rab ly  c a r r i e d  o u t  a t  85OOC. The m e t a t i t a n a t e  possesses  
an i l m e n i t e  c r y s t a l  s t r u c t u r e  and r e q u i r e s  a r u t i l e :  ZnO m o l e  
r a t i o  of  1:l f o r  preparation., 
The r e a c t i o n  
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The sesqu i t a t ana te ,  Zn2Ti3O8? a l s o  r e q u i r e s  a mole r a t i o  
of 1:l bu t  i s  prepared from ana ta se  a t  temperatures i n  t h e  700 t o  
8 O O O C  range. It  i s  a de fec t  s p i n e l  c r y s t a l  t h a t ,  like t h e  
me ta t i t ana te ,  t ransforms t o  t h e  o r t h o t i t a n a t e  a t  temperatures 
i n  excess of 95OOC. 
The o r t h o t i t a n a t e ,  Zn2Ti041 by f a r  t h e  ha rdes t  and most 
r e f l e c t i v e  of  t h e  z inc  t i t a n a t e s ,  must be prepared a t  a 2 : l  mle 
r a t i o  ZnO:Ti02 a t  temperatures  above 95OOC f o r  maximum conversion 
of ZnO. The o r t h o t i t a n a t e  i s  a spinel- type c r y s t a l  t h a t  w i l l  
s c r a t ch  g l a s s .  
X-ray d i f f r a c t i o n  p a t t e r n s  have shown no evidence of in te rmedia te  
s o l i d  so lu t ions  of z inc  t i t a n a t e s ,  
B,  S t a b i l i t y  t o  U l t r a v i o l e t  Radiat ion i n  Vacuum 
The s t a b i l i t y  of Zn2Ti04 was a t  f i r s t  repor ted  by us  ( r e f .  18) 
t o  be exce l l en t  a f t e r  200 ESH of u l t r a v i o l e t  i r r a d i a t i o n :  t h e  
ma te r i a l  examined was prepared a t  8 O O O C  f o r  3 hours. However, 
subsequent space-simulation tes ts  on Zn2Ti04 have, f o r  t h e  most 
p a r t ,  r e su l t ed  i n  severe  degradat ion,  
The fol lowing d i scuss ion  d e a l s  wi th  t h e  r e s u l t s  of  t h r e e  
space-simulation tests employing t h e  I R I F  -- IRIF tests 5 , 7 ,  and 12. 
The r e s u l t s  of  t hese  tests a r e  presented i n  Figures  4 through 21, 
which show t h e  abso lu te  hemispherical  s p e c t r a l  r e f l ec t ance  a s  
a func t ion  of 2% equal-energy i n c r e m e n t s .  The s p e c t r a l  reg ion  
4000 t o  7000 A ( v i s i b l e ) ,  where nea r ly  50% of t h e  s o l a r  energy 
l ies ,  is  more s i g n i f i c a n t l y  and more accu ra t e ly  represented by 
g raph ica l  p re sen ta t ion  of da ta  i n  t h i s  manner. 
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I, I R I F  T e s t  5 
The space-simulation t es t  designated I R I F  test  5 was t h e  
f i rs t  space-simulation test t o  r e s u l t  i n  severe  degradat ion of 
Zn2Ti04, 
and 600 ESH of u l t r a v i o l e t  r a d i a t i o n  i n  vacuum a t  a nominal s o l a r  
Four pigment powder specimens w e r e  i r r a d i a t e d  for  125 
i n t e n s i t y  of 6X, The powders t h a t  w e r e  examined i n  t h i s  test  
included Cabot' s Flame Process r u t i l e  T i 0 2  
z inc  o r t h o t i t a n a t e  (ba t ch  A190) prepared a t  8 O O O C  f o r  16 h r ,  
an experimental  
New J e r s e y  Z i n c ' s  A-54-2 z inc  o r t h o t i t a n a t e ,  and a c o n t r o l  specimen 
of TAM'S "CP" zirconium dioxide ( Z r 0 2 )  , 
i r r a d i a t e d  i n  t es t  5 w e r e  p rora ted  costwise t o  t h e  Jet  Propulsion 
Laboratory on Contract  950746, ) 
(Eight  o t h e r  specimens 
The s o l a r  absorptance changes exhibited by t h e  fou r  powders 
a r e  presented i n  Table 2. The corresponding r e f l e c t a n c e  spec t r a  
a r e  presented i n  Figures  4 through 8, 
Examination of the  da ta  show t h a t  t h e  r u t i l e  specimen i s  
considerably more s t a b l e  than Z r 0 2  and t h a t  t h e  damage, which 
amounted t o  a 
admission of a i r ,  
Las of  0.056, was bleached by about 43% on 
Figure 5 p r e s e n t s  t h e  damage spec t r a  of I I T R I ' s  Zn2Ti04  
ba t ch  A190, This  specimen was prepared from ba tch  A l l 1  pigment, 
which possessed r e s i d u a l  ZnO t h a t  was manifested i n  a r e f l e c t a n c e  
"s tep"  a t  3750 A, The r e s i d u a l  ZnO was ex t r ac t ed  wi th  a c e t i c  
ac id ,  The s u r p r i s i n g  r e s u l t  of  t h i s  t es t  was t h e  severe  and 
almost t o t a l l y  b leachable  v i s ib l e - r eg ion  degradat ion.  The 
degradat ion amounted t o  nea r ly  a 15% decrease i n  r e f l e c t a n c e  
a t  6700 A ,  t h e  approximate peak of  t h e  damage spectrum, 
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. 
Table 2 
J 
i 
EFFECT OF ULTRAVIOLET IRRADIATION 
( I R I F  T e s t  5; Solar I n t e n s i t y  6X) 
ON SEVERAL WATER- SPRAYED P IGMENT POWDERS 
Solar  Absorptance 
s 
Lx 
E SH --- 1 2 S M 
Exposure, a 
Specimen Materia 1 
r - T i 0 2  (Cabot) 0 ,084 .042 ,126 - - 
,100 ,050 -150 ,024 
.124 -058 , 1 8 2  .056 
.110 .048 .158 .032 
125 
600 
A i r  
.058 ,023 .081 - 
-117 ,057 .174 -093 
.062 ,034 ,096 .015 
s-3-9 Zn2Ti04  (A-190) 0 
600 
A i r  
S- 3- 10 Zn2Ti04 0 ,077 ,036 ,113 - 
600 .120 .076 -196 ,083 
A i r  .094 .045 ,139 -026 ( N J Z  A-54-2) 
- Z r O  0 ,064 .073 ,137 - 
-112 ,074 .186 ,049 125 
600 ,184 .085 .269 -132 
,161 -078 -239 . l o 2  A i r  
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The damage t o  t h e  experimental  Zn2Ti04 was manifested i n  
a ALL 
on admission of a i r  t o  the I R I F ,  
on admission of a i r  i s  shown i n  Figure 6. 
i s  c l o s e l y  analogous t o  t h e  r a t e  curve presented for  S-13 
unt rea ted  ZnO-pigmented s i l i c o n e  p a i n t )  i n  a previous t r i a n n u a l  
Report (ref 8) 
of  0,093, 85% of  which was almost i n s t a n t l y  bleached 
The r a t e  of  bleaching a t  6500 A 
S 
This  bleaching curve 
(an 
Similar  r e f l e c t a n c e  spec t r a  f o r  damaged Zn2Ti04 w e r e  ob ta ined  
with t h e  commercial A-54-2 pigment. 
a i r  t o  t h e  I R I F ,  t h e  commercial pigment exh ib i t ed  g r e a t e r  
permanent damage a t  4000 A than  t h e  experimental  pigment (see 
Figure 7 ) .  
However, on admission of  
The damage spec t r a  of t h e  "CP" Z r 0 2  i s  shown i n  Figure 8. 
nus of 0,132 was bleached by about 23% o n  admission of a i r .  
of 0.102 a f t e r  admission of  a i r  i s  somewhat g r e a t e r  than  
The 
The 
i s  usua l ly  observed f o r  an exposure of  600 ESH, 
2 ,  I R I F  T e s t  7 
The r e s u l t s  of  i r r a d i a t i o n  of seven Zn2Ti04 specimens i n  
test  7 a r e  presented i n  Table 3, 
spec t r a  a r e  shown i n  Figures  9 through 15. I R I F  t e s t  7 was 
The corresponding r e f l e c t a n c e  
f o r  1000 ESH of u l t r a v i o l e t  r a d i a t i o n  and was performed a t  a 
nominal s o l a r  i n t e n s i t y  of  6X. * .  
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Table 3 
EFFECT O F  1000 ESH ULTRAVIOLET IRRADIATION I N  VACUUM 
ON A S E R I E S  O F  ZINC ORTHOTITANATE POWDERS 
( I R I F  T e s t  7;  Solar I n t e n s i t y  6X) 
Batch 
N o  
A l l l  
A 1 9 0  
A111-N 
A-190C 
A111-NC 
A 1 3 2  
A132-A 
So l a r  A b s o  r p t  a nce E x p o  su re ,  
u 1  “ 2  “ s  a a s  --- Trea tmen t  E SH 
8 O O O C  f o r  16 hr  
Batch A l l l  extracted 
w i t h  acetic acid 
Batch Alll extracted 
w i t h  NH40H 
B a t c h  A 1 9 0  ca l c ined  
a t  7 O O O C  for  16 hr 
B a r c h  A111-N c a l c i n e d  
a t  7 O O O C  f o r  16 h r  
1 0 5 O O C  f o r  16 h r  
B a t c h  A 1 3 2  extracted 
w i t h  acetic acid 
0 
1000 
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Comparison of t h e  d a t a  i n  Table 3 with  those  i n  Table 2 
i n d i c a t e s  t h a t  t h e  1000-ESH i r r a d i a t i o n  
less severe than  t h e  600-ESH i r r a d i a t i o n  i n  test  5. Although 
t h e  A190 specimens w e r e  prepared a t  d i f f e r e n t  t i m e s ,  t h e  ass 
t h a t  they e x h i b i t  i n  t h e  two tests d i f f e r  g r e a t l y :  The nu's 
w e r e  0.09 and 0.08 f o r  tests 5 and 7 ,  r e s p e c t i v e l y  (F igures  5 
and 10) 
i n  t es t  7 may have been 
Ex t rac t ion  of ba t ch  A l l 1  wi th  a c e t i c  ac id  caused an i n c r e a s e ,  
whereas e x t r a c t i o n  wi th  ammonium hydroxide caused a decrease  
i n  t h e  r e s u l t a n t  damage. On t h e  o t h e r  hand, r e c a l c i n a t i o n  of 
t h e  two e x t r a c t e d  specimens (F igures  1 2  and 13) had t h e  oppos i t e  
e f f e c t ;  t h e  ac id-ext rac ted  specimen showed an improvement on 
r e c a l c i n a t i o n ,  whereas t h e  a l k a l i - e x t r a c t e d  pigment exh ib i t ed  
increased damage when reca lc ined ,  
The randomness of t h e s e  da t a  suggest  t h a t  t h e  pigment 
p repa ra t ion  methods employed, such a s  v a r i a t i o n s  i n  deagglomeration 
(g r ind ing ,  m i l l i n g ,  e tc , )  of t h e  o r i g i n a l  and r eca l c ined  products ,  
may have a profound e f f e c t  on t h e  s t a b i l i t y  of t h e  r e s u l t a n t  
pigment. However, f a c t o r s  such a s  r e s i d u a l  ZnO and unreacted 
t i t a n i a ,  a s  w e l l  a s  incomplete n e u t r a l i z a t i o n  of t h e  a c i d  and 
a l k a l i  used t o  e x t r a c t  t h e  ZnO, may account f o r  t h e  effects noted. 
The importance of complete r e a c t i o n  and/or high temperatures  
is  emphasized by t h e  r e s u l t s  of  i r r a d i a t i o n  of  t h e  Zn2Ti04 prepared 
a t  105OOC f o r  18 hours. The damage spec t r a  of  a v i r g i n  and an 
ex t r ac t ed  specimen of t h e  high-temperature Zn2Ti04 a r e  presented 
i n  Figures  14 and 15, Reaction a t  105OOC produced a m a t e r i a l  
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t h a t  exhib i ted  a 
The a c e t i c  acid-extracted specimen whose spec t r a  is presented i n  
Figure 15 exhib i ted  a s l i g h t  loss i n  r e f l e c t a n c e  i n  t h e  6400- t o  
g a s  of on ly  0 , O l  i n  1000 ESH of i r r a d i a t i o n .  
12,000-A region on ly  -- degradat ion t h a t  w a s  countered by a 
r e f l e c t a n c e  inc rease ,  presumably due t o  a loss of adsorbed water ,  
a t  wavelengths beyond 12,000 A ,  r e s u l t i n g  i n  a A& of 0 ,  
3, IRIF T e s t  1 2  
Two Zn2Ti04 specimens, t h r e e  ZnTi03 specimens, and a s u l f a t e  
process- ru t i le -opac i f ied  b o r o s i l i c a t e - g l a s s  enamel w e r e  i r r a d i a t e d  
f o r  600 and 1400 ESH i n  I R I F  test  1 2  (Table 4 ) .  
The Zn2Ti04 specimens w e r e  prepared f r o m  ba t ch  A132 by mulling 
t h e  pigment i n  water. However, un l ike  t h e  ba t ch  A 1 3 2  specimens 
i r r a d i a t e d  i n  IRIF tes t  7 (Figures  14 and 1 5 ) ,  t h e  specimens 
i r r a d i a t e d  i n  tes t  1 2  exhib i ted  severe degradation. Both t h e  
unextracted and ex t r ac t ed  spec imens  exhib i ted  f la  Is of  0,06 i n  
1400 ESH (Figures  16 and 17)  The discrepancy b e t w e e n  t h e  r e s u l t s  
of i r r a d i a t i o n  of t h e  A132 specimens i n  tests 7 and 1 2  i s  be l ieved  
t o  be due almost exc lus ive ly  t o  t h e  degree o f  gr inding  employed: t h e  
su r face  s t a t e  d e f e c t  concent ra t ion  of t h e  test 1 2  specimens i s  
be l ieved  t o  be much greater than t h a t  o f  the tes t  7 specimens. 
S 
The da ta  presented i n  Figures 18 through 20 f o r  ZnTi03 show 
t h a t  bo th  e x t r a c t i o n  and r e c a l c i n a t i o n  have l i t t l e  e f f e c t  o n  t h e  
s t a b i l i t y  o f  t h e  o r i g i n a l  compound, 
was increased t o  0.062 and 0,065 on e x t r a c t i o n  and r e c a l c i n a t i o n ,  
r e spec t ive ly ,  These inc reases  are more a p t  t o  be due t o  gr inding  
d i f f e rences  than  t o  the effects of t h e  t reatment  employed. 
The A a S  of 0,056 a f t e r  1400 ESH 
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t The exce l l en t  s t a b i l i t y  of t h e  porce la in  specimen, a r u t i l e -  
opac i f i ed  b o r o s i l i c a t e  g l a s s  enamel, i s  c o n s i s t e n t  with previous 
da ta  on porce la ins .  The d a s  of 0,007 a f t e r  1400 ESH i s  shown 
g raph ica l ly  i n  Figure 21. S ince  t h i s  specimen is  a commercial 
f r i t  t h a t  was se l ec t ed  a t  random, without regard t o  e i t h e r  
opt imizat ion of t h e  ing red ien t s  f o r  s t a b i l i t y  o r  t h e  o p a c i f i e r  
f o r  s o l a r  r e f l e c t a n c e  w e  believe t h a t  po rce l a ins  hold much promise 
f o r  a p p l i c a t i o n  where s t a b l e  systems a r e  required f o r  u s e  a t  e levated 
temperatures,  
W e  c u r r e n t l y  p lan  t o  u t i l i z e  po rce l a ins  a s  c o n t r o l  
specimens i n  s e l ec t ed  tests t o  a s c e r t a i n  t h e  presence,  o r  absence,  
of contamination during t h e  I R I F  space-simulation tests,  
111, THE SOLID-STATE CHEMISTRY O F  ZINC TITANATES 
A,  Backqround Discussion 
1, The Piqment  i n  a Space Coatinq 
The pigment p a r t i c l e  i n  a space coat ing is  a small  c r y s t a l ;  
t hus  it would appear t h a t  a l l  the  techniques of s o l i d - s t a t e  
physics  could be appl ied t o  it, 
b u t  those  of s p e c i a l  i n t e r e s t  t o  us a r e  X-ray spec t r a ,  o p t i c a l  
( r e f l e c t i o n ,  absorp t ion ,  o r  emission) magnetic resonance, 
magnetic s u s c e p t i b i l i t y ,  and e l e c t r i c a l  p r o p e r t i e s ,  including 
Many techniques can be used, 
photoconductivity and changes i n  dielectric p rope r t i e s .  
I n  add i t ion  t o  t h e  s t a r t i n g  ma te r i a l ,  it is important 
t o  study and understand t h e  r e a c t i o n s  induced by t h e  s o l a r  
r a d i a t i o n  environment, Radiation damage is a primary f i e l d  of 
inves t iga t ion  i n  s o l i d - s t a t e  chemistry and a l s o  has been a 
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diagnos t ic  method f o r  studying c r y s t a l l i n e  defects., Radiation 
e f f e c t s  can involve only a very small  po r t ion  of t h e  numerous 
ions  i n  a so l id :  
per  thousand, which i s  a t  t h e  l i m i t  of t h e  ord inary  range of 
chemical p u r i t y ,  It i s  advantageous t o  have a d e t e c t i o n  method 
This  f r a c t i o n  can range from 1 ppm t o  1 p a r t  
t h a t  i s  s e n s i t i v e  only  t o  t h e  d e f e c t s  and not t o  t h e  i n t r i n s i c  
p r o p e r t i e s ,  so p r e c i s e  measurements t o  ob ta in  a s m a l l  change i n  
a l a rge  quan t i ty  a r e  not required,  An example i s  t h e  e f f e c t  of 
a magnetic impurity ion i n  a c r y s t a l  l a t t i c e ,  The l a t t i c e  
parameter a s  determined by X-ray s t u d i e s  i s  changed only s l i g h t l y  
when d e f e c t s  a r e  present ;  magnetic s u s c e p t i b i l i t y  changes s l i g h t l y ,  
b u t  t h e  paramagnetic resonance i s  a property only of t h e  defects, 
2 A n i  so t ropy 
The theory f o r  an observat ion of a phys ica l  property depends 
on a quantum mechanical operator,, This opera tor  r e t a i n s  t h e  
property of a vec tor  corresponding t o  t h e  c l a s s i c a l  quan t i ty  of 
i n t e r e s t ,  
t i m e  a r e  required t o  ob ta in  a value corresponding t o  t h e  quan t i ty  
a s  measured, C r y s t a l l i n e  s o l i d s  a r e  charac te r ized  by c e r t a i n  
u n i t  d i r e c t i o n s  along which u n i t  cel ls  a r e  repeated t o  f i l l  a l l  
space, 
Many symmetry ope ra t ions  f o r  a cubic  c r y s t a l  t ransform t h e  c r y s t a l  
i n t o  i tsel f ,  However, a ma te r i a l  such a s  c a l c i t e  i s  charac te r ized  
by f e w e r  symmetry ope ra t ions  s i n c e  one a x i s  is d i f f e r e n t  than 
t h e  o t h e r  two, 
Sui tab le  averages over t h e  volume of t h e  sample and 
The unique d i r e c t i o n s  may be equivalent  o r  nonequivalent,  
A c r y s t a l ,  a s  observed by most ord inary  o p t i c a l  methods, 
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may be i s o t r o p i c  o r  a n i s o t r o p i c ,  However, even though t h e  
c r y s t a l  i s  i s o t r o p i c ,  i nd iv idua l  sites may n o t  be i s o t r o p i c  o r  
t h e  l o c a l  symmetry may be destroyed by appl ied  f i e l d s  such a s  
stress o r  electric o r  magnetic f i e l d s ;  f o r  example, t h e  e l e c t r i c a l  
conduct iv i ty  i s  t h e  same f o r  a l l  d i r e c t i o n s  i n  a magnesium oxide 
(MgO) c r y s t a l ,  b u t  one p r i n c i p a l  d i r e c t i o n  i s  d i f f e r e n t  from 
t h e  o t h e r  two i n  ZnO, The an iso t ropy  due t o  l o w  s i te  symmetry 
is  p a r t i c u l a r l y  important i n  e l e c t r o n  paramagnetic resonance 
experiment s 
I f  a s i n g l e  c r y s t a l  cannot be obta ined ,  t h e  p o l y c r y s t a l l i n e  
powder must be s tudied ,  There must be a s u f f i c i e n t  number of 
p a r t i c l e s  t o  provide a completely random d i s t r i b u t i o n ,  Such 
experiments a r e  d i f f i c u l t  t o  i n t e r p r e t  because a model must be 
assumed and then  a spectrum c a l c u l a t e d  a s  a func t ion  of  c r y s t a l  
o r i e n t a t i o n ,  The observed spectrum i s  t h e  average over  a l l  
o r i e n t a t i o n s  weighted by t h e  p r o b a b i l i t y  of t h e i r  occurrence.  
number of assumptions may be c o n s i s t e n t  with a s i n g l e  observed 
spectrum, However p a r t i a l l y  o r i e n t e d  samples can sometimes 
be prepared t o  e l i m i n a t e  some p o s s i b l e  models, 
A 
For a r a p i d l y  tumbling molecule i n  s o l u t i o n ,  t h e  a n i s o t r o p i c  
effects average t o  z e r o ?  b u t  f o r  r i g i d  s o l i d s ,  a n i s o t r o p i c  e f f e c t s  
produce a l i n e  broadening. This  i s  one  example of  inhomogeneous 
broadening, a s  con t r a s t ed  wi th  o t h e r  types of  broadening, termed 
homogeneous, Most i n t e r a c t i o n s  can be divided i n t o  i s o t r o p i c  
and a n i s o t r o p i c  p a r t s ,  
q u i t e  a s e n s i t i v e  method, b u t  broadening e f f e c t s  reduce s e n s i t i v i t y .  
A resonance type  of  phenomenon i s  usua l ly  
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Inhomogeneous broadening due t o  an iso t ropy  i s  removed by using 
s i n g l e  c r y s t a l s ,  The p repa ra t ion  o f  a s i n g l e  c r y s t a l  i s  almost 
always d e s i r a b l e  , b u t  many problems involving thermal p r o p e r t i e s  , 
chemical p u r i t y ,  and c r y s t a l l i n e  p e r f e c t i o n  may be encountered. 
3 ,  Impur i t ies  and C r y s t a l l i n e  Pe r fec t ion  
Much has  b e e n  w r i t t e n  about p u r i t y  i n  s o l i d - s t a t e  s t u d i e s ,  
I n t r i n s i c  c r y s t a l  imperfect ions composed of  l a t t i c e  vacancies  
and i n t e r s t i t i a l s  can p l ay  a r o l e  s i m i l a r  t o  t h a t  of impur i t ies .  
I n  chemical language, impur i t i e s  may change valence o r  form 
complex ions ,  which a r e  o f t e n  c a l l e d  centers and p a r t i c i p a t e  
i n  t h e  t rapping  of  ho le s  o r  e l ec t rons .  
photochemical and thermal effects may occur,  E l e c t r i c a l  charge 
i n  a "small  region" of t h e  c r y s t a l  must always balance,  Rela t ions  
analogous t o  chemical e q u i l i b r i a  and s i z e  cons ide ra t ions  must 
be considered. S t r u c t u r a l  and p u r i t y  effects a r e  not  separable ,  
Complex r e a c t i o n s  involving 
The p o i n t  he re  i s  t h a t  a low concent ra t ion  of  impurity can 
have a very l a r g e  effect ,  Semiquant i ta t ive chemical a n a l y s i s  
d e t e c t s  concent ra t ions  below 1%. 
i f  samples a r e  l a r g e ,  b u t  those  of  i n t e r e s t  a r e  usua l ly  small. 
Natura l  s t r u c t u r a l  defects i n  o rd ina ry  samples can range i n  
p a r t s  p e r  m i l l i o n  o r  less and a r e  usua l ly  d i f f i c u l t  t o  d e t e c t  
except  by a decora t ion  method. The important range i n  many 
m a t e r i a l s  i s  f r o m  1 p a r t  p e r  thousand t o  1 ppm, A t  h igher  
concent ra t ions ,  t h e  b a s i c  s t r u c t u r e  b e g i n s  t o  break  down and 
Higher accuracy can be obtained 
1 i n t e r a c t i o n s  between centers complicate i n t e r p r e t a t i o n .  A t  lower 
i 
concent ra t ions ,  t h e  effects of i n t e r e s t  blend i n t o  o t h e r  less 
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c o n t r o l l a b l e  f a c t o r s  and d e t e c t i o n  can be d i f f i c u l t ,  A one- 
e lectron-type o p t i c a l  t r a n s i t i o n  i n  a d e f e c t  a t  a concentrat ion 
of mole can make a c r y s t a l  opaque, Concentrat ions much 
below t h i s  can reduce t h e  r e f l e c t i o n  of  a powder, 
4, Surface S t a t e s  
The su r face  of a c r y s t a l  does not  r ep resen t  t h e  i n t e r i o r .  
The energy of atoms a t  t h e  su r face  i s  higher  than  t h a t  i n  t h e  
i n t e r i o r  p a r t i c u l a r l y  i n  po lyva len t  i o n i c  c r y s t a l s .  An 
a n i s o t r o p i c  e f f e c t  i s  introduced because d i f f e r e n t  c r y s t a l  
f a c e s  have d i f f e r e n t  r e l a t i v e  numbers of  i o n s  w i th  unique spacings,  
This  has  been v e r i f i e d  i n  many ways -- two examples a r e  e l e c t r o n  
emission and c a t a l y t i c  e f f e c t s ,  
Surface spec ie s  p a r t i c i p a t e  i n  chemical r e a c t i o n s  t h a t  
would not  normally occur  i n  t h e  bulk s o l i d ,  and i n  f a c t ,  t h e  
r e a c t i o n s  of s o l i d  m a t e r i a l s  involve su r face  cons idera t ions ,  
Phys ica l  adsorp t ion  on t h e  su r face  is known t o  be reasonably 
r e v e r s i b l e ,  and t h e r e  a r e  more t i g h t l y  bound s t a t e s  c a l l e d  
chemical absorp t ion ,  I n  f a c t ,  t h e r e  a r e  bonds between atoms i n  
absorbed spec ie s  t h a t  do not  occur  i n  t h e  bulk s o l i d ,  
i s  oxygen absorbed on ZnO, 
i s  O2 ( r e f .  19) a s  ind ica ted  by magnetic resonance,, S imi l a r ly ,  
O2 is  produced on MgO i f  it i s  i r r a d i a t e d  wi th  u l t r a v i o l e t ,  
The spec ie s  O2 
t h i s  ca se ,  O2 i s  so lub le  a t  few atmospheres wi th  s u f f i c i e n t  t i m e  
A n  example 
It appears  t h a t  t h e  s t a b l e  molecule 
- 
- 
- 
is  known i n  s o l i d s  such a s  a l k a l i  ha l ides ,  I n  
and temperature,  I r r a d i a t i o n  wi th  gamma r a y s  produces t h e  ion  O2 - , 
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However, Mgo i s  most except iona l  because carbon monoxide (normally 
diamagnetic) forms a paramagnetic r a d i c a l  (uncharged) on t h e  
sur face ,  This  would not  be a n t i c i p a t e d  from MgO and CO reactions 
b u t  i s  c o n s i s t e n t  wi th  knowledge o f  c a t a l y t i c  processes .  The 
sepa ra t ion  between bulk  s o l i d  su r face  and su r face  spec ie s  i s  
of course somewhat a r b i t r a r y  ., 
I n  space coa t ings  t h e  s i t u a t i o n  i s  complicated because 
t h e  su r face  i s  be tween two s o l i d s  and t h e  molecules of  t h e  
v e h i c l e  a r e  more complex, Nevertheless ,  it i s  not  s u r p r i s i n g  
to  f i n d  unexpected r e a c t i o n s  a t  t h e  su r face  t h a t  a r e  dependent 
on an i n t e r f a c e  be tween two s o l i d  l aye r s ,  
5, Radiat ion E f f e c t s  and Decoration of  Defects  
Frequently l a t t i c e  imperfec t ions ,  i m p u r i t i e s ,  and su r face  
s t a t e s  show no e a s i l y  measurable p r o p e r t i e s ,  Ion iza t ion  
processes  can s e p a r a t e  e l e c t r o n s  and ho le s  t h a t  may be s t a b i l i z e d  
a t  n e w  l o c a t i o n s  i f  ene rg ie s  and k ine t i c s  a r e  favorable ,  
Frequently t h i s  l eads  t o  systems wi th  a magnetic moment so t h a t  
paramagnetic resonance i s  apprec iab le ,  Some of  t h e s e  s t a t e s  
may be metastable ,  High-energy r a d i a t i o n s  such a s  gamma- 
r ays  o r  X-rays a r e  very e f f e c t i v e ,  U l t r a v i o l e t  can be e f f e c t i v e  
i f  even t h e  sma l l e s t  o p t i c a l  adsorp t ion  i s  p resen t  i n  t h e  
h o s t  l a t t i c e .  More dramatic r e s u l t s  a r e  obtained by long 
i r r a d i a t i o n  a t  high ene rg ie s ,  which genera te  d e f e c t s  r a t h e r  
than  decora te  e x i s t i n g  ones, Often t h i s  r e v e a l s  i m p u r i t i e s  
and al lows accu ra t e  s t u d i e s  a t  h igh  concent ra t ion ,  b u t  t h e  
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a p p l i c a t i o n  o f  t h e s e  i d e a s  t o  t h e  r e l a t i v e l y  l o w  energy of  
photodegradation must be considered wi th  ca re ,  
60 I n t e r a c t i o n  of  Surface and Bulk Properties 
The t o t a l  effect  of  t h e  s o l i d  and v e h i c l e  i s  not  e n t i r e l y  
t h e  sum o f  t h e  bulk  and su r face  e f f e c t s ,  The su r face  s t a t e s  
behave a s  i m p u r i t i e s  o r  d e f e c t s  and may t r a p  electrons and 
ho le s ,  They may in f luence  t h e  occupat ion of t h e  valence and 
conduction bands, The photoconduction of s i n g l e  c r y s t a l s  of  
ZnO depends on t h e  absorbed g a s s e s ,  p a r t i c u l a r l y  oxygen (ref. 20)  e 
The n e t  e f f e c t  i s  a s u r f a c e  l a y e r  of excess electrons. ,  The 
occupation of t h e  conduction band i n  t h e  bulk  i s  a f f e c t e d  by 
t h e  su r face  s t a t e s ,  Such i n t e r a c t i o n s  a r e  w e l l  known i n  s e m i -  
conductors ( s i l i c o n  and germanium) ., Indeed t h i s  provides  a 
mechanism f o r  a l t e r i n g  b u l k  p r o p e r t i e s  i n  a complicated manner. 
Impur i t i e s  i n  t h e  bu lk  may a l s o  become "ac t iva t ed"  when s u i t a b l e  
su r face  s t a t e s  a r e  occupied, 
B. Proposed E x p e r i m e n t s  
The research  program f o r  t h e s e  z inc  t i t a n a t e s  i s  divided 
i n t o  t h r e e  main c a t e g o r i e s ,  designated a s  phases: 
I. Mate r i a l s  p repa ra t ion  
11. P r o p e r t i e s  of observable  s p e c i e s  
111. I n v e s t i g a t i o n  of systems. 
N o  one phase i s  independent of  t h e  o t h e r ,  and t h e  s o p h i s t i c a t i o n  
of  each must  develop concurren t ly ,  Complete coord ina t ion  i s  
requi red  t o  o b t a i n  c o n s i s t e n t  r e s u l t s ,  
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I 
1, Mate r i a l s  Prepara t ion  
Pure p o l y c r y s t a l l i n e  powders of  ZnTi03  and Zn2Ti04 must be 
prepared. The important o b j e c t i v e  i s  t h a t  they  conta in  a s i n g l e  
phase (and a s i n g l e  c r y s t a l l i n e  h a b i t )  and have a known composition, 
Semiquant i ta t ive chemical a n a l y s i s  would i n d i c a t e  impur i t i e s  w i th  
a concent ra t ion  above 1 ppm, 
a hundred e l e m e n t s  i n  a v a r i e t y  of valence s t a t e s ,  a j u d i c i o u s  
choice  of  a n a l y s i s  for  t h e  most probable i m p u r i t i e s  must be made, 
Known p u r i t y  i s  a s  important a s  achieving t h e  u l t i m a t e  p u r i t y .  
However, s e v e r a l  i m p u r i t i e s  may complement each o t h e r  t o  make 
t h e  t o t a l  damage more o r  less than  t h a t  of  t h e  ind iv idua l  impur i t i e s ,  
A h ighly  impure m a t e r i a l  is  probably not a reproducib le  ma te r i a l ,  
S ince  t h e r e  a r e  on the o rde r  of  
An i n v e s t i g a t i o n  of p o s s i b l e  methods of c r y s t a l  growth w i l l  
be made, I f  any of t h e s e  seem t o  i n d i c a t e  a convenient p repa ra t ion ,  
s i n g l e - c r y s t a l  growth w i l l  be attempted, 
involve a high-temperature method, Chemical p u r i t y  w i l l  not 
be s a c r i f i c e d  because of i t s  important i n f luence  on c r y s t a l  growth. 
Most probably t h i s  w i l l  
2 P r o p e r t i e s  of Observable Species 
This  i s  e s s e n t i a l l y  a q u a l i t a t i v e  a n a l y s i s  t o  d e t e c t  bulk 
o r  hos t  c r y s t a l  imperfect ions a s  grown and a s  de t ec t ed  by decorat ion 
methods, The methods a re :  
a -  Op t i ca l  
O p t i c a l  r e f l e c t i o n  of powders 
, Specular r e f l e c t i o n  of s i n g l e  c r y s t a l s  
O p t i c a l  t ransmiss ion  of pressed  p e l l e t s  o r  l i q u i d  suspensions. 
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bo Luminescent 
, Phosphorescence of  impure and pure m a t e r i a l s  w i l l  
be sought, 
Low temperatures  w i l l  be employed t o  inc rease  t h e  
y i e l d ,  b u t  q u a n t i t a t i v e  y i e l d s  w i l l  be measured only  
a s  p a r t  of  phase 111, It i s  a n t i c i p a t e d  t h a t  pure 
m a t e r i a l s  w i l l  have t h e  l e a s t  luminescence, 
Thermoluminescence w i l l s  be q u a l i t a t i v e l y  sought, 
c, M a q n e a  
Elec t ron  magnetic resonance of powders and s i n g l e  c r y s t a l s  
w i l l  be sought,, Resonance should not  be p r e s e n t  i n  pure ma te r i a l s ,  
I r r a d i a t i o n  w i l l  be used t o  decora t e  d e f e c t s  and t o  f i n d  t h e  most 
important ho le  and e l e c t r o n  t r a p s  i n  t h e  bulk,  Experiments w i l l  
be performed o n  powders wi th  s p e c i a l l y  t r e a t e d  sur faces ;  02' N2? 
60, and C2H4" 
w i l l  be est imated,  
The minimum energy f o r  development of a defect 
d o  Dielectric 
I n  o r d e r  t o  determine t h e  r o l e  of t h e  conduction band 
and t r a n s i t i o n s  t o  t he  conduction band photoconduct ivi ty  w i l l  
be considered, This  r e q u i r e s  two s e p a r a t e  approaches, depending on 
t h e  m a t e r i a l  s t a t e ,  If s i n g l e  c r y s t a l s  a r e  a v a i l a b l e ,  t h e  range 
of conduct iv i ty  w i l l  be determined from t h e  l i t e r a t u r e  o r  crude 
experiments, Photoconduct ivi ty  w i l l  be measured i f  t h e  p r o p e r t i e s  
match t h e  proper  ranges of a v a i l a b l e  equipment. 
methods based o n  measurements of  high-frequency d i e l e c t r i c  
cons t an t s  w i l l  be inves t iga t ed ,  These i n v e s t i g a t i o n s  w i l l  be 
For powders, 
d i r e c t e d  t o  developing techniques s u i t a b l e  f o r  s tudying su r face  
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I 
s t a t e s  and t o  e l imina t ing  problems a s soc ia t ed  wi th  p o l a r i z a t i o n ,  
an iso t ropy ,  and c o n t a c t s ,  It i s  a n t i c i p a t e d  t h a t  high s e n s i t i v i t y  
can be achieved i f  t h e  t i m e  c o n s t a n t s  of  t h e  s t a t e s  a r e  s u i t a b l e ,  
3, Inves t iq-a t ion  of Svst~ems 
This  i s  a q u a n t i t a t i v e  program and, t o  a l a r g e  extent,  
presupposes t h e  success  of t h e  t w o  preceding phases,  
it i s  p r imar i ly  d i r e c t e d  t o  t h e  s tudy of u s e f u l  coa t ings ,  
C a l i b r a t i o n  problems a r e  s i g n i f i c a n t ,  
However, 
Energy depos i t i on  w i l l  be measured a s  a func t ion  of wavelength, 
and p r imar i ly  u l t r a v i o l e t  w i l l  be u t i l i z e d ,  This  w i l l  be c o r r e l a t e d  
with t h e  a r e a s  of absorp t ion  bands generated i n  t h e  coa t ings ,  
The k i n e t i c s  of r e a c t i o n  w i l l  "be inves t iga t ed ,  Those centers 
t h a t  a r e  important but a r e  more e a s i l y  s tud ied  by %echniques 
o t h e r  than  o p t i c a l  r e f l e c t i o n  w i l l  be observed by employing 
methods used i n  phase P I ,  
The s e n s i t i v i t y  of pure ZnO t o  mechanical d i s t o r t i o n  has  
been discussed i n  numerous comunica t ions  on t h i s  and o t h e r  
programs dea l ing  with t h e  development of space-s table  coa t ings ,  
W e  examined t h e  problem of mechanical d i s t o r t i o n  of z inc  oxide 
i n  a program f o r  the Jet Propuls ion Laboratory (Contract  950746) 
i n  l a t e  1965 ( r e f ,  21). N o  d e t e c t a b l e  electron s p i n  resonance 
s i g n a l  was observed o n  SP500 ZnO samples t h a t  w e r e  mechanically 
yellowed, Damaged specimens w e r e  observed t o  possess  a r a t h e r  
narrow, i n t e n s e  absorp t ion  band centered  a t  about 3750 A, 
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I n  t h e  s t u d i e s  c i t e d  a s  w e l l  a s  i n  bo th  previous and l a t e r  
w o r k ,  w e  have observed t h a t  mechanica l l y  yellowed specimens 
exhibit g r e a t e r  degradat ion when i r r a d i a t e d  wi th  u l t r a v i o l e t  i n  
vacuum than  samples t h a t  a r e  n o t  mechanically damaged, 
is not  s u r p r i s i n g  s i n c e  t h e  increased  absorp t ion  a l s o  i n c r e a s e s  
This  
t h e  
t h e  
ha s 
ZnO 
p r o b a b i l i t y  of  t h e  occurrence of  p h o t o l y t i c  effects, Although 
mechanism i s  not  w e l l  understood a t  t h i s  t i m e ,  G i l l i g a n  (ref, 21) 
a t t r i b u t e d  it t o  t h e  c r e a t i o n  o f  i n t e r s t i t i a l  z inc ,  
Our previous experience wi th  t h e  phys ica l  s e n s i t i v i t y  of 
led us  t o  examine t h e  effect of  gr inding ,  and t h e  phys ica l  
d i s t o r t i o n  so produced, o n  t h e  s i l i c a t e - t r e a t e d  SP500 ZnO 
employed i n  IITRI' s thermal-control coa t ing  designated S-13G0 
A series of S - U G  p a i n t s  was prepared from t h e  same ba tch  of  
s i l i c a t e - t r e a t e d  SP500 ZnO; t h e  on ly  d i f f e r e n c e  was t h e  manner 
i n  which t h e  d r i e d ,  t r e a t e d  powder was condi t ioned f o r  gr inding  
(manufacturing) i n t o  t h e  p a i n t ,  The da ta  obtained a r e  presented 
i n  Table 5 and Figures  22 through 260 
Examination of t h e s e  da ta  show t h a t  t h e  s t a b i l i t y  t o  u l t r a v i o l e t  
i r r a d i a t i o n  i n  vacuum i s  an inve r se  func t ion  of t h e  shear  appl ied  
t o  t h e  dry ,  s i l i c a t e - t r e a t e d  pigment p r i o r  t o  wet-grinding, 
Excessive wet-grinding i s  a l s o  known t o  decrease s t a b i l i t y , )  A 
f i v e f o l d  inc rease  i n  damage, a s  measured by 
be tween  t h e  p a i n t  prepared from pigment t h a t  was o n l y  s i f t e d  (#6, 
Figure 22)  and t h e  specimen t h a t  was prepared from pigment t h a t  
was hand-mulled p r i o r  t o  wet-grinding (#7 , Figure 25) , 
A ~ s ,  was observed 
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Table 5 
EFFECT OF ULTRAVIOLET IRRADIA$ION 
( I R I F  T e s t  1 2 )  
I N  VACUUM 03 S-13G PAINTS 
Specimen 
6 
1 2  
8 
7 
9 
Exposure 
Treatment E SH 
Pigment s i f t e d  only; 0 
p a i n t  ground 3 h r  600 
1400 
Pigment n o t  s i f t e d ;  0 
p a i n t  ground 7 h r  600 
1400 
Pigment dry-ground 0 
30 min; P a i n t  ground 600 
3 h r  1400 
Pigment hand-mulled; 0 
p a i n t  ground 3 h r  600 
1400 
Ends f r o m  #7 remulled; 0 
p a i n t  ground 5 h r  600 
1400 
Solar  Absorptance 
L cj& 2 S M a --- 
,148 ,092 ,240 - 
.155 ,087 .245 ,005 
.161 .090 .251 .011 
, 128  ,087 ,215 - 
.139 ,085 ,224 -009 
.151 ,085 ,236 ,021 
,134 ,087 . 2 2 1  - 
.153 ,092 .245 .024 
.159 .092 .251 .030 
.147 .111 .258 - 
.169 ,109 .278 ,020 
.189 .116 ,305 ,047 
-140 ,093 ,233 - 
,167 .099 .266 ,033 
.186 ,102 ,288  ,055 
- * 
Pigmen t  ba t ch  A-322 
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51 
4 
52 
n 
i 
i 
I 
I ..* 
N 
ln 
0 q 
n“ 
-I 
L n  
N 
v) 
0 
N * 

Hand-mulling procedures w e r e  employed i n  t h e  manufacture 
o f  S-13G f o r  t h e  p a s t  6 t o  8 months, b u t  t h i s  procedure was 
terminated a s  a r e s u l t  of t h e s e  s t u d i e s ,  S i f t i n g  o u t  t h e  
m i l l a b l e  pigment i s  a h igh ly  i n e f f i c i e n t  and c o s t l y  technique,  
even though it permi ts  s h o r t e r  wet-grinding t i m e s  and, t h e r e f o r e ,  
g r e a t e r  s t a b i l i t y ;  w e  t h e r e f o r e  a r e  p r e s e n t l y  wet-grinding on ly ,  
b u t  f o r  a s l i g h t l y  longer  per iod ,  P a i n t  prepared from t h e  
pigment t h a t  was n e i t h e r  s i f t e d  nor dry-ground ( o r  mulled) 
exh ib i t ed  a of 0,02 i n  1400 ESH compared wi th  0,Ol f o r  
t h e  specimen prepared f r o m  pigment t h a t  was s i f t e d  (see Figures  22  
and 23) 
A specimen prepared from pigment t h a t  was f i r s t  dry-ground 
f o r  30 min and subsequently w e t  ground f o r  a s h o r t  per iod 
exh ib i t ed  a BUS of  0,03 i n  1400 ESH. 
Specimen 9 ( F i g u r e  26) was prepared by remulling t h e  ends 
( t o o  l a r g e  t o  pass  t h e  s i eve )  from t h e  f i r s t  hand-mulling ope ra t ion ,  
P a i n t  prepared from t h i s  pigment exh ib i t ed  a 
1400 ESH, 
nas of 0,06 i n  
v, W-VACUUM SPECTROSCOPY 
A, In t roduct ion  
Ul t rav io  l e t  absorp t ion  spectroscopy provides  t h e  chemist 
with a u s e f u l  t o o l  f o r  determining t h e  behavior of m a t e r i a l s  
t o  both  ion iz ing  and u l t r a v i o l e t  r a d i a t i o n ,  Its usefu lness ,  
however, depends t o  a g r e a t  extent upon t h e  techniques employed 
i n  ob ta in ing  spec t r a  That i s ?  t h e  peak wavelength (absorpt ion 
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band maxima) assignments and t h e  q u a n t i t a t i v e  i n t e r p r e t a t i o n  
of damage spec t r a  depend not  on ly  on t h e  r e s o l u t i o n  of t h e  
instruments  employed b u t  a l s o  on t h e  p u r i t y  of t h e  m a t e r i a l s  
and such i n f l u e n c i n g  f a c t o r s  a s ,  f o r  example, so lven t  e f f e c t s ,  
which a r e  known t o  considerably d i s p l a c e  maxima, Addi t iona l  
errors occur  i n  prepar ing  d i f f e r e n t i a l  spec t r a  obtained by 
t h e  s u b t r a c t i o n  o r  comparison of  one t ransmi t tance  spectrum 
f r o m  another ,  i , e ,  t h e  comparison of  an undamaged, c o n t r o l  
spec t r a  wi th  t h a t  of a damage s p e c t r a ,  
Because of t h e  importance of  a n a l y t i c a l  d i f f e r e n t i a l  
u l t r a v i o l e t  spectroscopy a s  an i n v e s t i g a t i v e  t o o l  i n  research  
aimed a t  t h e  explana t ion  of t h e  mechanisms of damage t o  
polymeric paint-binder  systems, w e  have designed and constructed 
a dual-beam vacuum i r r a d i a t i o n  chamber f o r  t h e  Bausch & Lomb 
Spectronic  505 u l t r a v i o l e t  spectrophotometer, T h i s  attachment 
which i s  p r e s e n t l y  being mated t o  t h e  spectrophotometer , w i l l  
be used i n  conjunct ion wi th  ESR and o t h e r  s t u d i e s ,  a l l  of  which 
a r e  aimed a t  t h e  development of  white  pigmented coa t ings  of  
g r e a t e r  s t a b i l i t y  than  those  p r e s e n t l y  a v a i l a b l e ,  
The importance of determining t h e  o p t i c a l  p r o p e r t i e s  of  
i r r a d i a t e d  m a t e r i a l s  i n  t h e  vacuum environment i n  which they  
a r e  i r r a d i a t e d  ( i n  s i t u )  has  been discussed i n  numerous 
communications r e l a t i n g  t o  t h i s  program, I n  summary, t h e  
f a c t  t h a t  bo th  a i r  and v i s i b l e  l i g h t  can r a p i d l y  bleach o u t  c o l o r  
c e n t e r s  i n  polymeric spec ie s  made t h e  requirement f o r  i n  s i t u  
t ransmi t tance  measurements mandatory, 
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i *  B, General Requirements 
The genera l  requirements f o r  designing t h e  dual-beam vacuum 
chamber w e r e :  (1) c a p a b i l i t y  f o r  determining i n  s i t u  t ransmi t tance  
i n  t h e  200- t o  7 0 0 - W  wavelength region,  ( 2 )  t h a t  it be a modular 
attachment f o r  t h e  Bausch and L a m b  Spectronic 505 spectrophotometer 
(although t h e  concept can be adapted e a s i l y  t o  t h e  Cary o r  
any o t h e r  dua l  beam instrument) ,  ( 3 )  c a p a b i l i t y  of achieving a 
vacuum of 1 x lom7 t o r r ,  (4) c a p a b i l i t y  of i r r a d i a t i n g  t h e  "sample" 
specimen with e i t h e r  u l t r a v i o l e t  o r  low-energy charged p a r t i c l e s ,  
and (5) temperature c o n t r o l  of t h e  sample mount by c i r c u l a t i n g  
l i q u i d  n i t rogen ,  e u t e c t i c  s lushes,  ho t  water,  e tc , ,  through a 
re sevo i r 
i 
' I  i 
i 
1 
\ 
The o p t i c a l  requirements of t h e  attachment c o n s i s t  simply 
of t h e  appropr ia te  sapphire  o r  fused  s i l i c a  p o r t s  f o r  t ransmi t tance  
of t h e  Spectronic 5 0 5 ' s  reference and sample beams, 
7 
I i 
A schematic of t h e  dual-beam vacuum attachment i s  presented 
i i n  Figure 27, This drawing shows t h e  vacuum-irradiation chamber 
1 
_ d  
i n  which a r o t a t a b l e  (90') temperature con t ro l l ed  sample-mounting 
t a b l e  i s  loca ted ,  The sample mounting t a b l e  i s  a l i q u i d  r e sevo i r  
t h a t  provides temperature c o n t r o l  and i s  i n t e g r a l  with t h e  r o t a t a b l e  
adaptor assembly t o  which the  vacuum systems a r e  a t tached ,  
The e x t e r i o r  sample and re ference  p o r t s ,  a s  w e l l  a s  t h e  
r o t a t a b l e  specimen mounting p o r t s ,  a r e  separated by t h e  exact  
dimension corresponding t o  t h e  Spectronic 505 ' s dual  beams. 
1 They a r e  posi t ioned by a p rec i s ion  mount t h a t  "p ins"  t h e  attachment 
i n t o  exac t  p o s i t i o n  i n  t h e  sample compartment. 
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The sample specimen is  i r r a d i a t e d  through an  of f -center  
i r r a d i a t i o n  port  (shown a s  t h e  "proton i r r a d i a t i o n  port" i n  
Figure 27) ;  e i t h e r  u l t r a v i o l e t  (us ing  a qua r t z  window) o r  low 
energy charged p a r t i c l e s  can be employed. T h e  specimen mount 
i s  maintained i n  a v e r t i c a l  p o s i t i o n  during t ransmission 
measurements and i n  a h o r i z o n t a l  p o s i t i o n  during i r r a d i a t i o n  
( r o t a t e d  g o o ) ,  The r e fe rence  sample i s  no t  i r r a d i a t e d  and t h e r e f o r e  
provides  t h e  d i f f e r e n t i a l  c o n t r o l  during measurement, 
B a 
The photograph i n  Figure 28  shows t h e  vacuum-irradiation 
chamber wi th  the specimen mount withdrawn (and i n  t h e  v e r t i c a l ,  
measurement p o s i t i o n ) ,  The specimen mount i s  shown i n  t h e  
i r r a d i a t i o n  p o s i t i o n  i n  Figure 29. 
Figure 30 i s  a c loseup photograph of t h e  assembled u n i t ,  
The mating f l anges  t h a t  con ta in  t h e  Teflon "0"  r i n g  a r e  
emphasized i n  t h i s  photograph, The complete assembly, showing 
t h e  i r r a d i a t i o n  chamber a t tached  t o  t h e  Spectronic  505 and a 
150 liter/sec ion/subl ina t ion  pump a r e  shown i n  Figure 31, 
D, S t a t u s  
The system has  b e e n  leak- tes ted  and has achieved vacuums 
of 3 x low7 tor r .  
the a t t achmen t ' s  mount t o  the e x a c t  degree required t o  ob ta in  
o p t i c a l  alignment wi th  the  Spectronic  505, (The moment arm c rea t ed  
The p r i n c i p l e  problem remaining i s  "shimming" 
by t h e  a t tached  ion  pump has  made p r e c i s e  pos i t i on ing  each t i m e  
d i f f i c u l t )  
, 
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V I ,  SUMMARY 
Three z inc  t i t a n a t e s  have been synthesized; prel iminary 
c h a r a c t e r i z a t i o n  s t u d i e s  have been performed. 
a r e :  
Zn2Ti308? t h e  s e s q u i t i t a n a t e ,  
c o r r e l a t i o n  of t h e i r  u l t r a v i o l e t  r e f l e c t a n c e  spec t r a  with t h e i r  
s to i ch iomet r i c  composition, All t h r e e  z i n c  t i t a n a t e s  a r e  
prepared by f i r i n g  in t ima te  mixtures of t h e  precursor  ox ides  a t  
temperatures of 700 t o  1O5O0C, 
These t i t a n a t e s  
ZnTi03, t h e  meta t i tana te ;  Zn2Ti04? t h e  o r t h o t i t a n a t e ;  and 
O f  s p e c i a l  s i g n i f i c a n c e  i s  t h e  
Z i n c  o r t h o t i t a n a t e ,  Zn2Ti04,  i s  t h e  w h i t e s t ,  most r e f l e c t i v e  
and most s t a b l e  of  t h e  t h r e e  s to i ch iomet r i e s ,  The most s t a b l e  
product i s  formed a t  1O5O0C. 
hard and r e q u i r e s  t h e  expendi ture  of  cons iderable  energy t o  
g r ind  i n t o  a s u i t a b l e  powder, Indeed, it is  be l ieved  t h a t  t h e  
requirement f o r  g r ind ing  i s  l a r g e l y  respons ib le  for  t h e  random 
i n s t a b i l i t y  t h a t  has  been observed i n  space s imulat ion tests 
employing i n  s i t u  r e f l e c t a n c e  measurements ( i n  t h e  IRIF). That 
i s ,  no at tempt  
pa r t i c l e - r educ t ion  (gr inding)  condi t ions  from sample t o  sample 
and t i t a n a t e  t o  t i t a n a t e .  It i s  be l ieved  t h a t  severe  p a r t i c l e  
reduct ion ,  such a s  i s  requi red  t o  prepare samples of t h e  
o r t h o t i t a n a t e  f i r e d  a t  1O5O0C, r e s u l t s  i n  manifoldly increased 
i n s t a b i l i t y  a s  a consequence o f  a concomittant i nc rease  i n  t h e  
su r face  d e f e c t  s t a t e ,  Zinc o r t h o t i t a n a t e  (and t h e  m e t a t i t a n a t e  
a s  w e l l )  e x h i b i t  b leachable  degradat ion i n  t h e  0 - 4 -  t o  1.5- p 
region, with t h e  damage centered a t  about O o 9 P  
This  product i s  e x t r a o r d i n a r i l y  
i s  made t o  e l imina te  t h e  c o n t r i b u t i o n  of d i f f e r e n t  
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The e x t r a c t i o n  of a l l  r e s i d u a l ,  unreacted z inc  oxide  wi th  
a c e t i c  a c i d  has  been found t o  be necessary f o r  t h e  e l imina t ion  
of  s t rong  absorp t ion  i n  z inc  o r t h o t i t a n a t e  a t  3500 A wavelength, 
Unextracted z inc  oxide  and excess t i t a n i a  a r e  be l ieved  to  be 
i n  p a r t  respons ib le  for  t h e  b leachable  i n f r a r e d  damage observed, 
* * * * * 
The e x c e l l e n t  s t a b i l i t y  of  white  v i t r e o u s  po rce l a in  enamels 
observed i n  e a r l i e r  space s imulat ion tests employing postexposure 
measurements i n  a i r  was v e r i f i e d  i n  a 1400-ESH i n  s i t u  test  i n  
t h e  I R I F ,  The i n i t i a l  s o l a r  absorptance of  0-31 ,  which was not 
optimized (an o l d ,  random l a b  specimen of r u t i l e - o p a c i f i e d  
b o r o s i l i c a t e  g l a s s  was used) was increased by only  0.007 i n  t h e  
1400-ESH test. 
* * * * * 
The importance of  phys i ca l  s t r a i n  during g r i n d i n g  of  
pigmentary m a t e r i a l s  was emphasized by s t u d i e s  on t h e  e f f e c t  of  
gr inding  the  potassium s i l i c a t e - t r e a t e d  z inc  oxide  employed i n  
I I T R I ’  s S-13G thermal-control coa t ing ,  An S-13G specimen employing 
a s i f t e d  pigment t h a t  was not dry-ground p r i o r  t o  a 3-hr pa in t -  
g r inding  ope ra t ion  exh ib i t ed  an inc rease  i n  s o l a r  absorptance 
of 0,Ol i n  1400 ESH of i r r a d i a t i o n  i n  t h e  I R I F .  A specimen 
employing pigment t h a t  was f i r s t  hand mulled and then w e t -  
ground f o r  3 h r  exh ib i t ed  a l l U s  of  0 ,05 ;  a specimen prepared 
from hand-mulled pigment t h a t  was wet-ground 5% h r  exhib i ted  a 
Las of 0-06 i n  1400 ESH. S ince  s i f t i n g  a s  a method o f  ensuring 
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s u f f i c i e n t l y  deagglomerated p a r t i c l e s  i s  h ighly  i n e f f i c i e n t ,  
a compromise method (one c u r r e n t l y  employed) cons is ted  of w e t  
g r ind ing  u n s i f t e d ,  unground s i l i c a t e - t r e a t e d  pigment f o r  7 h r  
i n  t h e  RTV-602 veh ic l e ,  
t h a t  exhib i ted  a 
found t h a t  4-5 h r s  of  gr inding  i s  usua l ly  requi red  t o  produce a 
s a t i s f a c t o r y  coa t ing ,  
This procedure r e s u l t e d  i n  an S-13G coat ing  
nus of 0.02 i n  t h e  1400 ESH test ,  W e  have 
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